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An experi nt cnt in the use of synthetic pro grams for system

8 

~frbench markin g

by J’AI L OLIVER , GEORGE BAIRD, MARGARET COOK, ARNOLD JOHN~ t ‘N and PATRICK HOYT

I) epart sienl of the Navy
Wsehington , D.C .

©
BACKGROU5~D marks. ” Ti osi’ techniques ca~i be broadl y classified and

characterizi d as foflows: ’

~~~~ 
Competitive computer system selection requires a tool for
minimum performance measurement. The selection process 

(a) l’ask-orwnied teehni qti ’~ concern themselves with ~.vs-

must be fzir and , ideally, brief and economical. Thus, the 
tern through put eapal~~i t i i s  with respect to a given work-

measurement tool must be visibly fair and impartial in its 
load. Simple inst ruction timings reduce the “workload” to

measurement of a computer system, it must relate what is specific classes of instruct ions (add time , floating-point multi-

being measured to user needs, and it must be economical ~~ ply, etc.). Instruction mix es co’isist of “representative ” sam-

appl~ . The thrust of several ongoing “standard benchmark” pies of instruction sets designed to reflect the degree to which

efforts in the Department of Defense and other Federal 
each instruction class is used for a given type of app lication.

Government agencies is to develop a measurement tool with These are adequate for estimating pro cessor power , hut coni-

these qualities. pletely ignore memory , degree of r itu ltipr igranoning. 1, 0

There are several characteristics of computer systems loads, etc . Kernels are relativ ely small sequences of code

which can be measured for the purpose of selection: 
performing a single (simple) function (e .g., a table search),
and, again , are designed prim~ ri1y for measuring processing

( a t  Availability of equipment and software, in terms of power. The timings for kernels may be obtained by achj allv

reliability, maintenance time, and the lilce. executing them or by hand-calculations . Ben hmarks eon.,ist
(b)  Work capacity, which can be measured from a variety of a subset of a given workload (“natural ” benchmarks), a

‘if viewpoints . Job time is a single-j ob measure and , therefore, subset which has been further modified (“hybrid ’ bench-

not often used. System throug h p~U is a measure of how much marks), or a set of programs written specifical ly for the pur-

work is done, and is a function of the job mix and job load, pose of making a comparative evaluation (“synthetic” pro-

se well as various system parameters. Response time is a grams). Benchmarks are processed on the configurations

measure of the quality of service rendered , and is largely being evaluated or compared, and the processing time is
dependent on operating system and hardware characteristics. used as a relative figure of merit.

(c) Functional capabilities are susceptible to qualitative (b) The emphasis in component-oriented evaluation tech-
judgment s, but demonstrations of these capabilities are often niques is on the system being evaluated rather than on the

required of computer system vendors (e.g., a demonstration workload to be processed by this system. Hardware monitors
of an on-line text editor). ~~ relatively inexpensive , precise in what they measure,

non-disruptive, but insensitive to data-dependent infurma-

dent to limit the scope of our effo~ s to measu~ng thruugh- the precise op~~nite of thoee for hardware monitors. Tb
In the context of computer selection , we have felt it pi~j .. tion. The characteristics of software monitors are almost

~~~~~~ may take on paramount importance under varying circurn- and shallowness. Stochastic models (simulation models) are
put capacity, recognizing, however, that the other factors convenience of queueing models is offset by their inaccurac y

Q... stanees . less imprecise but costly , and stiffe r from a credibility gap.

Relation Ia pe rfo rmar u-, ~~~~~~ Prob lems with natur al or hybrid benchmarks

It is linportarit that we recogn ize the affinity of any bench- Benchmarks have f o r  some period of time eon.st itut i .d the
mark stud y to the ‘~ubjctct of computer performance evalus- accepted form of minimum performance measurement in
t i i i t i , since s’wye. combination of evaluation techniques will computer selection t hroughout the Federal marketplace . Nat-
of ni’eesstty be used in the development of “standard bench- ural or hybrid benchmarks have the advantages of dealing
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SCOPE OF THE t~. & NAVY EXPERIMENT
i-tO P515 ’-

INPUTS X -65 UNIVAC —110 8 The Software Development Division of the Depart irient
of the Navy Au ton ia t i ”  Data Processing Equipment Seleeti ,n

5—66 UNIVAC—110 8 Office (ADPESO) is performing an experiment to determine
the su itabili t ~ of s nth ’~t ie  programs in alleviating the prob-

SOURCE COMPUTER . lems created by natural and hybrid benchmarks.
XXXX X6 3. The experiment began in June 1973 , with the dev i ’loptio ’nt

POPUi~~T ION ORJCCT COMPUT ER , ofa small (5 progra m ) ri ’fer inc ’ library of synthetic programs.
PiLE - W~ assumed that  svnth -t Sc pri Mram s could be wri St  ‘ I T  50
FORMAT

that relativel y fc~v pa ranP’ters contro l th e ir  I - ‘b ay er :  expert .

FILE  CONTROL. SELECT RESULTS ASSIGN TO mentati on eou~d be pi -r ; ,rtni’d ( m l  these programs s i  that
x5xxX30. their behavior relative to changing parameter values would

be predictal le specifications of a workload based on (~‘c
parameter s vnp lu’dlf /  dej ir o’.d by the synthe tic program s could

SOURC E COMPUTER .
COMPI.ATTON t N m vsc-i ios .  be made , and s~ ritheth’ program parameters could he set, so
TIM S as to reflect this workload.
FORMAT OBJECT COMPUTER

T N I V A C -t 108 . The use of synthet ic  programs in performance evalunt nii i
does not represent. a new concept . Dopping .2 and Gosden and
Sisson t reported on experiments in ~lie use of synthetic pro-

FILE CONT ROL. SEL ECT RESULTS ASSIGN TO PRINTER . grams as far back as 1962. More recent suggestions on their
Figure 1--Examp le of VP-Routine input, population file form of audit use have come from Joslin 4 and Buchholtz . 6 Our aims have

rout ines, and cumpilation-time form of audit routines been to obtain quantitative profiles of certain S~’nth Ot ic pro-
grams and ~s ‘( , - I ” r m in e  the scope of their feasible ut i l i ty .

with a real system (thus avoiding half of the simulation
credibility problem) and a “semi-real” job mix. Among the RELATED EFFORTS
more serious problems associated with benchmarks are the
following: There are sev ’ral mp lementarv efforts irs the Federal

(a) it is extremely difficult , except in the simplest situa- Government sin ai at designing representative benchmarks.
tions. to construct a set of benchmark programs which The U. S. Army Computer System Support and Evalu a-
accurately reflects a given job mix. This of course is a prob- tion Command has recently issued a solicitation for a Stand-
lem common to any performance measurement technique, ard Benchmark Study. ” The contract objectives are (a) The
since the nature of “a given job mix” is dependent on a definition of all tasks and measurable functions performed
multitude of parameters , many of which are system do- by a computer iii (-xvcutin g business-type app lications ; (b)
pendent (e.g., EXecute Channel Program instruction counts Develop ;mient of a method or technique of id eti t i~y ing and
are often used to measure I/O time on IBM S/360 or S/370 measuring the occurrence of each function or parameter in
systems , but these instructions have little meaning outside
the 5/360-370 series, and often have no precise counterparts P~~J~~T SYNThETIC IDleloalso
on other systems) and most of which are time dependent.

(b) They are generally non-portable (system dependent) ~~~~~ 
~~~~~~~~ i/S

and often do not run correctly, even on their native system. C~~~ILE T OIl ‘W.MSTUS:

(c) They are prepared and processed using a variety of 1. 2 cst8o/ISo ~ k - tot oil ill... iatott. bsffttirs.

procedures resulting in unduly long execution times, un- 2. p~c~ ii Sti. - ro~~~ i iii.. mod to r.l1.mR .p~ li~~tImo .

reasonable file volumes, and inconsistent measurement pro- 3. ~~~j ,rt.os. - s~~d to tory orootmo y r.tsit ~~~ St 10

ced ures . This author has seen benchmarks for which the
required processing time was better than three hours, and N . Tobim 51o5 to i.pmrt .~~~~rv tes~ tr mot I .

th . fil e ~opu !adm.li resided on two dozen (full )  t ~pe reels! ~ ~~~~~~

I ;i some eases onl y processor time is measured; in others, all ~~~~VTi TOIl raWiE TER c.

component s (including. e.g., printers) must halt before timing 5. i~~at..r PUS Umo - ts IWOrT i/O Ri

stops. 
~~5~~j 5 p115 lUs — 1~ •j, ~~~tioe t41h ~r.p.tj ti mo SOS t~~~OSR

(d) The above eroblem s result in extremely high costs, to ~~~~~~~~
buyers and vendor s , in terms of both time and money. It is i. ~~ setu~ t. - r *,. t ttts .~. . co~~~ot. N~~~~S1 p~~
not unusual for a vendor to spend 8-9 calendar months just ~~~~~~~~
to prepare ho submitted benchmarks for processing, or for
the ‘oat of pro a’s.si:lg them to be 10 perc~nt or more of the. ~~~~ ~mo 1t.~ iS5 lot mot.  d5i ~~il • .

ev i ’ti ttIal bid price. F’igii rn ~‘ i”- o que ; t imi l I t) module parameters 

:r~~~ . ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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each task for the purpose’ of profiling computer workloads. ~~~~~~ ~~~~~~~ ~~~~~~~~
This solicitation is the result of a careful atudy on the. part 

~~ ~~~~~~~~~ ~~~
of a Department of i)efenss’ Joint Steering Cc’ninittee which 

~~~~~~~ TO~~ PW TW ’
has, among other things , defined a preliminary set of applica- 

S o~ Doroti 111.; OScord liii - 5108 .1 530 eMSottor. -
tion tasks and taak parameters for benchmark purposes. EM SO.’ ~~~~~~~~ I*~~ot o 5 0 d .

The I)epartment of Agriculture has constructed a com- i. tot SOd D.ooI.1 VU.. l1~c5 110! - •~ S 0000.8 -

—t mo, ,.momoI S b OloS ~80SO S b.  U appSioohb .
prehensive set of benchmark programs which Include trans-
action proeess~ng and data base management applications. ‘~~~ ‘~~~~~~~~ “

There is much in this package which should be carefully ~~~~~~~~~~ 
- moot s 8 0  00~~~~~ S~~~

studied as part of any effort at designing a library of standard EM ~~~~ ~~~~~~~~ ~~~~~~~~~~ d.1 11) - .

benchmark programs. . ... oN. £110. to N. tx.otSb ott! 101 °.i..b.5 0000.8. . i i .  2.300
,ooti. 10.. 5 so 1, 100 . 5!. moot —y f.s, 51 EMS S dislotmos pot-

The Department of Labor is developing a job selection smos~~. .1 .~~ 
N. Loft MImoSS t...td tot 10.505100 0 0050 .

simulation model’ using actual utilization statistics as control i. ~~~ m o . 8  o.c.st s.~~ . - o.ioo SI IR)

parameters . Although the goals here are somewhat different N . p,,~~~ rd tao - TiOc 1.101St

front those of the “standard benchmark effort ” there may 
~ ~~~~ ~~~ ...~ ~~~~~~ ..~ 

—

be some related spinoff benefits. o. tot. ptot. . (335 o . imoit i .
(N) ~~~~ toto.d. ~~lth 0.0th SOot 00 000 ~~~ o IN. OSOr

A similar project is being carred on by Marine Corps using tetotd to 0. d.i.sod .
(I) ~~~11 smoordi .05th do ..1 005.0 1.r “ototO. — . 0

hardware monitors to provide data for the synthetic creation 0 o 500 ~~ t~ t4 10 0.

of jobs.7 - - - -Figure 4 - -  Relative 1 5)  module para m eter ’

RESULTS
to COBOL-or i e n t - i  w,,rk l ,iad5 . all of the reference l ih r ar ~

The program s programs are written in Are . lean National Standard ( ‘0-
BOL. Additionally , all t b  programs are in “system te d- ’-

Five processing tasks were selected as representing, in pendent” form. This is accomp lished through the use f an

varying combinations, a broad variety of application tasks. executive program , th e VP-Rout ine. The VP-Rout in”
These were sequential file processing, indexed sequential file developed in 1969 by the l)epartment of the N av~ as part

processing, relative I/O processing, sorting, and computation. of its COBOL ornp kr l’a itdntt ,n ,S~~tere 8 h is it.”d t o

Programs were written to perform each of these tasks. resolve implementor names ,‘.g.. in the ENVIRONMENT

Because most of the Navy’s present benchmark needs relate DIVISION ), modif eorup tl”-tuw ’ Parametefs (e.g roc, ’rd
sizes, precision , blocking fact ,rs~, and automatically generat~’
job control instructions appropriate to the system w arc

sej lcr sisilirtiC inscistwi executing under tFigure 1).

~~ iu timOIm UE(51RNTLAL CliNt! Each progra m is contro lled h~ - a set if comp ile t ime and
~~0~U 1005 ~~~~ execution time pac:trn.’l(’rs . Figures 2-6 identify these’ for ‘ach

1. h . r y_ Vott0 b i.  - 5. ..s Op N.J 511t05 5!. •bo• ot toN i. is - of the five programs. The abi l i t y  to vary automatically cer-
..11t05—.tor.p. ml. So onil.bl. to vot~ th e ty .torfl. . . .  . 

. 
. 

.

~~~~~~~~~~~ ~~ 0.  ~~~~~~~~ 
tam param eters at compile time provides us with the flex il , il -

3. 0.oot.i sic.  - D.t..it ~. as ~~~~~~~~~~ 
ity to develop a fa ir l y rich mix from ju st a few basic ~r ~raiw- .

3. $lork sin. - ~.t.oio ~ ~~ . 
We have ad qit c-d certain design principle s which , whi t ’

N. 1.1., My si c. - 0.1.011 ~, ~~ . 
applicable to software design in general , we felt wept ’ par-
ticularly important to this nreject.

~~~~ flI lIla PASIlaTUb

~ _____________ 
- moo. tOo o~~~.t .0 sototd, so h . c r Iod £00 (a) We have attempted to make every detail of the stru T ’-

3. ~~~ oSi P h i  Ii. oh. ~~~~ 51 tt i..o1 0 ~ 
ture of each pro gram v ia i } i e  and understandabl e ‘n 5 ~irospec-

. .ioo t ths .ut .t lii. 1. oor tO 00 P’s°”~~00’ tive user. Thic is a prer ’qui”it ~’ t -  a “sellable” product .
( i i  hi,si.s Pot t~~~ t. ..rso.o .f d.sUl tr’s.mo0~~S.501t~~ (b) The design of each program i~ consistent with that

Thb P O O 000 1. ..OtlASiS So 0.0.005 tOn of f moo of tssotd of the others . We have used “modular programming”
.81011.. typo ,ra.. ctioe •. i—C pr.o.osi.5 ISa .

throughout, although . f rankl y , th is  was simp ly a reflection
(N) .841100 PSV5501 — in POtomot of d.t sti tr moti000 .0iá

idd .00014. to 10. 000100 . (4.1.011 i. so ~~~~~~~~ mis of following long accepted standards of good programming
p*fl~~~t.T Is na tioNS. to a o?S 10 .f tic s •f 515S.cttOs . . .

Saot’to. tot . Oh. L.a.. ma so, i-c —~~~ ~~~~~. 
practice. We maintained consistency in the binding t ime of

(5) ~~~~~~~~~~~~~~~~ - port..I of .81.11 ~t~~ 5otIt.. .0Ith 5.501015 parameters across programs. Thus, if a given parameter is

~~ 
bound at compile time in one pr ogram it is bound at compile

SN Sac. t im. ..qmo.I10hiy. time in all the program s. Also, all files used by a program are
3. ~~~~~ NttS5 Is,.sttloo. - tot. IN. s..~~ot .f tSas 10. ~o.v generated by that program (eventually, the file generation

Opel.. th m$~, co~~~ute brood proc.d’srdI. ThIS Pot~~~~ SC (5

.ot Uobts so plot. . sorbioSO 0. t Oo Cli. modules may be combined into one program).
(c) We have isolated the function of each of the program

Figure 3—ISAM module parameters parameters so as to render each parameter independent of

~

—

~

- ----- - --  --- .- ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
-. 
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~~~Ut1t 
~~~~ a~ utE~ cOI~~t’T!

~~~ iLi TOO! PiLAiQ 505S’ GO!~~iL1 IDO L POOAIOLTL&S

1. ~~cotd 1 t 5  - 05.4 0. 000000 1. T.b 10 She e — utod to von tb. .t.. ot on i t—cot .  toOl .. limo.

(.5 adler .ioo. sh awl.5 (or ~~d t f i c o t t 0 o  ai .o.o r-y ,oqu i ,oa,L..

(N) too..fot 11.. .
(c) i.t.toal nod tst .ttt&i 000rip IMsitalO 2. Oa t. li..cr~ p t h o f l .  - .0411154 L c o p p ’o p r t . , .  00.05.. to ,..000rivS

(d i imooSt .lSSa.s d 0005 ist”.1 .4.. ot SpfllC*e1 PI CTUMI ci s,~s.t - 15.4 10 0 0(5  - ..o u t  Li  t-) t  Occor  or p roq,lrs Dt .
toO NO 0004104 . on p0500ltt ’S$ t I . . .

(a) 00.1001 sore no. 00041. 001loOho l~~~ tN ho Msi o....4. .
-1~~CUTI 11)0! PAMl(E1 L4S~

2. I).çh.l.p P.0005! - 0.54 tO •(10t I

(a) OdIn sIn.. ~ ‘ - (a t*od ot 50*000 •000040tr

(Ni t, C50 ISa.
(.) hoeS. of i.o..—t*ro~d tops/dot. (01 4.s1t1 I~~5i ~~~~. 

. ° “~ ‘~~~-‘- - -—‘—

(dl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ sotIco; k~~~. imso ~~~~~~~ 
~~. d00000ory i . .co e . ,e r - c.nd to r p e,’c , .c  y r o ç c c ’5 5 0 n t o .

r .quir....o. ..d n0~~0*0 01 0.000 ttwfots 000.45.4.
(.1 *Otfl5 t 0000ictO 004 5t0.5 ~~~~1CO1 .. s.04 0105 C.. N. N .  PnGIo05 ~ 3~ >01tJ. 1~! - .5  u04lc . to 100(105 t c. Os 0 lppod .

hoodS.’.
(1) * tboo po44155 is t.qoltod.
10) 00.0001 .510. cb.oac 1~ t5 ... I 0* .44.4 tt sack p11.1001 n..n

I f tb s (iS. io 010,0.4 . 0*t!~ 0.11 ~ .r. o.oo ,o os 0o ( . r i t  r.l.1o — no. peo ~ r 115110$ (or 4.1.11..

(N) 5o..1U. a 007 10 151r000 110 11.0 .054 1.. 0 S10$1* sr~~~ fmo
00 ON~~~~ 1/0 ~~ O~~~~0t t 50 10110.

F gurs~ ( , em m m ;  p  niodsile - vrami ’eter s
3. a~~~.o-~~ m $0001 (.i. — 511.01.

ho ) 5o.0.t o f mo ot p.sa00 IMoirod to p1.4.1 . ~iso iI Sa 0.*010~~.

(0) list tOot oh. .~~~.r of 00,. .11.0*0 is a o t0$1. rt 010$ 
‘ -

.No.1. tO.... r .q.otond b~ a. .PPlb ootSa. complexity in t i ; - prhlgra ins ~v i m ’h w uld havo ’ reridm ’r -d t hem
t o) 1.0.1 1.o~ th oi sort (1.14.

completel y h i m  amenable t anal ~‘sis .
0. ?~ ps .1 Sort Coy. — Ost.rOla. (e) The design if ce -h ~rograrI~ (and of the  set cit  J r / grn~~;s

(a ) 00othoc .11 t o,.. of kayp 0.1.1054 0, no 0$*l1..1500 ‘a Os . - - -

0...diad (., rio . .~ t0.0ooiu , olph. tio . ~~~~~~~~ ~~~~~~~~ as a whole) l ”ids it .i ’lf I. - ‘xt . ’m ; s on , so that a wiUc range of

(N) too 0011.. . t,p.5 of 0~~~~ .,1e.O 0 . 0 110 no. task ch~ras ’t -r ist u’s can h ~ - .o ~ni~iomia t ed .

~~ ro~ iO0ing SMS O. OS.’ 0, 00. a.htss 10. Each progra m is sclf_doc ii i ented . A ‘prologue ’ is in —
sor e. nod r~~~ .r.e . eluded for each an’.! commenting is plentiful , though perti .

I . 0.dot of tots lays - 7000500 tM.1I0$ by so0ti~s ss 1051 iSa 1. nent . Extermial docuria’:itat ion consists of a “module u%e r—
so~~.r. r.soit. .1.1000 pr.d0.Isd N~~~.i .1 (00.1 5551 00055555. . ,, ,.view (see l’igu n’ ~

), paramete r specifications , experimental
4. 440.54100 01 d.ao..d(55,..0$yj - . - . ‘ -

results, and a Ls. ’r Guide to assist an organization in imp le-
U~~~fl 1001 PA ICT~~ 11 menting the programs aiisl using ths’ VP-R ut~nc. ‘aVe have

1. Osobso of &.oards - avoided lengthy d ’serip t i c ins  and detailed flewcharts because
I. ) TotaL dot . o,iSa too 15101. we question their usefulness.
(N) *.000 e soot coo ha 40,00 .o~~ L.OSi, 1. oeo..
h o) SaASt of doy.540500 05 00.. st0001. tot (.1*554141. 1.

.tf 1000.

2. ~~~~.r of C.00,co.ttoof..2!LIL2 — 
P00J(CT IVONITIC 010C5510 fl3

0.) aduity to .i l000 .00.01 of d if tCotle. 4 . 5  ~~~ I0$ .005
poor00. itQUhil Tl*S. .4CIL( I f rOA tA

(01 cb..500 0.11. of .44.4 t~~~~,.t00 ts45lO~~~~~IS/551t 1/0 poa .sit.$.
- P005050 0 0. UQPOa5i ~

~~ I m A1th.s~oi~ oot .picificsLlP spilt hod •5 . Co0$Als ISa p., t . P~~~O1L,
tOn 111.0 555t~~~~~~ %O £01 iUli!-Vti.t . iOht—VtL!. s.d 00TPU’f-VttI

~a. cbOO~so tO~ n.io con cb.oagtflisliC. twos no.0 s~~o.*. to flit oy,I’rs t C •roi, 1 as pond so ro t (aol II.. pr nI.o
10.  orI not oOttO. ml. .11th (LI. 1.01.4 tIn . ?S(S1 15100 . Sf 0 oa t i i . l  I l l .  •0.t. 0000oti.

— 01 5o5 0 1 i .

Figiirp .~m — -SORT m odule parameter.
INloS .rod.. I to,., $LQPO ~ O0 i s  . 0 0500-slot. Pr.,,.. .

lIVi00NI(ITr
the others . This was necessary to avoid facing an exponen- 000s pO’0$~a to. 0100(1st. 00’ 0 I*0001-))IS S~~t... 5 0

t i n I l y  r1~t m g  set of options in setting parame ters to control dis(psd to 1,0.501* O O r r o t I O y 500,0 5r..eI.,sd oy • C3S’.c
- ~~~~, Ic., o.ot..’oio~ Is Fodi,.i £5001. o1*0005o 0s “i.’p05i.4

program behavior. This was a difficult princip le to follow w to. co.o~ Cos Os, V i)  (451 (01 15,0...

since , for example, a simple specification such as how one is 0*00x
to contro l 1,0 time can be made in terms of file size, blocking ~~~~~~ .~~ dii. .000000.1 f i  I.. .r. c,..tod . 1.$.th. w n i t h

factor , logical record size, etc. In this case we could choose ;z..’:= ;~:°~. ~~~~~~~~~~~~to use fil ’ smz ” ~ effect time, blocking factor to impact buffer- N.y 00110 is .501. 
- 

POt 5.110 51,0nO,0.00 of N.y 00011. Sr 004.50
SI 00. ~~~ 1., t i le 0 0.40 hir..oiop o n.. ~~~ N, f , i • ) •  s.d .

mg, and maintain logical record size constant. 1~~~~~.t 5 hot..) I .  0.0501.0 . 00rYltr I 0 .0.0 , 50 iSa.. *0n oho
00051? I I I .  I .  .000.00054, t ( o l o q to, ,,‘. orosro. . .  teon ’o.tsd

(d) Only those functions which were felt essential to the .o~~. o~~~~~~ ro,iOrd I. -“ too ,’ .

accurate rn sl ’hng of a task were included in each program.
Thus w’ opted f o r  a clearly defined scope and simplicity N.., 10405. 1o~~ i Isp 10 (0 1 , 0*0  15000. 10.,

rather than complexity. We feel this was particularly im- 
~ ~~~~~~~~~~~ ~~ , .  ~~~

portant in the selection of syntheti c program functions and
parameters , cu ll a lack of frugali ty can lead to a level of Figure 7-  i’x,’ . m — ’ I e cii it py n th et i , ’ module overvtow

~ 
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Figure S—Sequential file update time a.~ a f unction of master file olse— Figure 9—Seçuential file update time as a function of muter fIle size
no CPU .-ctivity, drum-,eeident files no. CPU activity, tape-resident file.

The programs, documentation, and VP-Routine are col- performed on each record update. Thus, while other programs
lected on a 2400 foot magnetic taie retI. The User Guide in a mix clearly affect the quantüa Uve behavior of a sequential
and experimental results on program behavior are separately update task, they appear to have almost no effect on its
bound. The entire package is in the public domain. quaZi~a~ire behavior.

CPU time turned out to be a linear function of the numbe r

Exam p les of process ing results of repetitions through the compute loop.
Execution of the “compute” module produced some inter-

A complete summary of processing results is beyond the eating results. The program generates a variable-sized table

scope of this paper, but we can discuss some of the more of uniformly distributed pseudo-random numbers, performs

interesting of those results. All results mentioned are based a “runs-up-and-down” test on them, and optionally pro-

on executions on a UNIVAC 1108 Unit Processor, under ducea printer output. A parameter controlling the num ber

control of the EXEC-8 Operating System. of processing iterations is used to vary the amount of CPU

The “sequential I/O” module is the simplest t.f the file activity.

processing programs. Its function is to pass a master file
against a detail file , creating ~ new master file. The files
may reside on tape or direct access devices. A compute loop
may be performed a variable number of times each time a
master tile record is updated. The processing includes a 0

table search , and the size of the table is used to control
memory requirements. All computations are self-checking.
The program is similar in thes~ and other characteristics to
the PL /l program described by Buchholz.0

Predictably, we found I/O time to be a linear function of
master file size. This was true for FASTRAND (drum)
resident as well as tape resident files. Repeated runs during 0
different times of day showed that the curve reflecting the
behavior of time as a function of master file size remained a
straight line with constant slope, although the intercept
value changed (Figure 8). In all these runs, only the master 0
file size was varied (from 100 to 5000 records), with the detail 10 0
file size fixed at 10 records), and only one pass through the 

*compute loop ‘ens performed . a
0 ( 000 S.)0O

We processed a series of similar runs with all files residing
on UNIVAC 8-C tapes. Again, running the program in a 

~~~~~~ ~~~~~~~~~~ in  rO 0$o,o l oop
mix did not change the linear behavior of time as a function
of file size (Figure 9). As before, the detail file size was held Figure lO —Ce.~puiz module CPU utilization as a function of n imh r
constant , and (only one pass through the compute loop was of iterst ionO in the computation looir

A
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~5i .  , t r ~~, ~~ U T1~~ (ab at es) h ) !  I ) t ’ I I , O ( I 0  1 1 : 0 0  oi l  i ( : oor lti on-Noaber of CP - 
- 

~~ - iCO Oa~~~~~~~~ J t  i~4a1Iter a tiooa __1P_tt~.~ ’- ---~~ ’—-———-— u~o r  o o ’ r k I , - ,, l~ t o -  ‘ S L o t  o r a l , (lot ,v io thi ’t tr ’ . Vi i’ have
fu - lo:t1 t i o t i  I’ l -~~ 1’ °R\1  ,.‘ ‘ t i i . o i -  \ o h l - i j  are c ’allt- d o i i i  - ,

a 3 .643 o i l S  0’ , arid i t  Ot t  I e  ( ( 0  05’ -0? eri ’ol , are itI ~~t ’ i ’ij in—lint  liv20 
- T r i a l s ‘ - ‘ , ‘ ‘ i -ri. h o o t  u t  l ,v all. i’hii, o n  i t o ’ s  ( LU doffi-

100 516 .007 
( 01 0 0’~, 0’ -I 0 . -er ‘ -r a l . r  :1 - i t  l o t  ho ’uu ’hn ark.” kio wa

‘00 j . 49 7 .5 15 — 

~~~ d c i , ~ ho ’ d o’s ~~,o ~~~ t ’’ ku jo ss— 

- 1.906 Als o 5O ’ I I U O ’O i ‘c -f co - I ’-  ~~ - li as
500 . 525

1 , 000 9 5 0 -  2 .990

5.0621 , 701 1 4 -  ‘.

~s. 524 14.156 w i l t - n o ’  / Is l c - - ~~o- - i r i  }ia ram ..t . -r (I s v i i t : t ~ In ro ’5 , 0 

23 324 i5 FOR THAX t loe ~rli~ ’ i 1 oio  ~ ~‘q~iall y t r io -  t o oio ,ooo 59 ,94 1 
o ’ t ~r , g uI ’ - i - -.o ’, !v b o O  i ’r f ”n l ’ol 01.4 siLl ’l i I)~ 50

20 .000 158. 507 4 7 . 6 9 6  
i v o n  t i i o,i, ra n Iv (i i i i g l ’ b i t  ~~l i r i j o i l o ’ r .

- (b) , A i o , , t l i o ’ r  pr oohio ’rn u I -  l i - o s ’ ’ er ’e ,o i o t o ’ n o ’d  I— l i o : t t  ‘ o r ’ o r —Figure I 1 - — Conop oite modale Cl’t’ time uti liza tio n as a fur io’ t i o io  of 
so ioo - h i i i t i g  cid - -~ - --  a ui - va r  iii over l~ ‘oo r .u ( ‘ ‘I I Inu m ber i i  iterations iii compute loop
s s i o l t o o t t o ’ ~or o g r o : :_ , 1- o r  o - x o o i i i , - t , j i ’  013 ~ ~ - .

i ’(~ it ), J s I l o  t r . u , — t - i t o - . 1( 0 14 ( f l s t l 0 1 0 ’ t L ( o s  ( o n  0 0 ( 0 0 ’
When the number of iterati o)ns reao’hi’d a certain thresho ld 

~~~~~~~~~~ ~~
- - ~~ . ~~~ ~~ ~~~ vo r io

(usually 500) the CPU time varied linearly with this parain— 
t~~a u J a t o - 4  I I ina t ru r t i ;~ Hi oi ~ . tj ’ : io g  the J ’i I I -

eter. Below that point , however , we noticed some fluctuations F’oRM iuo ” t r io - t i i i i  t~~ o’ o r s  l i i i ’  n umb er ( o f  h u b ’ - ’ 01(Figure 10). ‘We believe this is due to the way the EXEC—8 MOVE in~ t r uel~~on Os , - ‘ p - i i t o ’ o l  lo’ad~ to  gr os ’ olv l i i i” -dispatcher schedules jobs for (‘PI t  time, (It uses a variation leading r,’ooo i l s  when - ho ’ Pl’ l-(Fult ,’si i t -  if  os t I
of Corbato ’s time quantum charging algorithm. ’) oobj er ’t ‘o f  y o - o  o r ’  t h o r l’l I~ l- I i I I M

Figure 11 summarizes two executions, run under identical (c) On e n o - i l -  t o -  I o~~ ’ - si ~h , l  h ot ’  ‘ h a t  Vi ’’ 5 5 - t i l l  i i )
conditions. The only difference was that, in one the usage of det ail iii r ol , ’r t - I o l -  -

~~ T o I o r  o h  i i ’ .i r 1-~ — pu rpor t ing Ivariables was ‘‘computational , ’’ in the other ‘‘display ’’ Asa aco - oi r atvl o ‘ - t i - i  g o v t - n  wur k l i ao t  f o r  t h at  “sprogram becomes CPU bound an exorbitant price is paid 
~~~l i l L i ’  of (I i - - i  r - ’ su i ’ - - o- i - o i  al s o - , f i r  l’x : I o i p ifor the “machine independency ” of data. wi ’r o - c I o - o o r l \  duo’ t o o  h o i i i  Un’ u of  oh.  ~~ - ‘ l ” i io  T o  so h io’hFigure 12 shows the relationship betw een memory time th o’ i o r’ -~ rai os wi n o ’~ , ’o- i i io ’ d  This i i  i i i ’ - t h at  g o oo i i - -(for a given program , a memory second is defined as the Iiro ” o . on i i ’ o o o  ~o (I s, - t h e  avn th o ’t l i ’  i i ’  a l uh i ” . u i i i  diff eroccupation of 32K w ords of memory for a period of one 
so i t h  di ffi -ri io g 4 V 4 l o ’ i i o 4  Al s o , I t IS C55~ t o  ‘r i - a t ’ ’  ausecond , during which t ime the program is undergoing eith er u n ju i i ’  o - i o r i i ~ o i 0 - s r - / v  ‘n i i i  I t  rm~ of P’’~~i Io i . ’  o ’ o o i o ’ t i l —(TI ’ or I () a r t i v i t ~ - t  ar id t h e  a i z o -  of t h e  fli t ’ being so rted 
i o t l o  o c t  l 0 0 0 1 0 ~~’ i -nc - I - i i .  ,, ( i - I !  o ’ - i f l r  ‘ o f  l I p ’for th e  ‘‘so rt ’’ m odule, Agai n , we fo und a linear lo o - !oooviu r , 

I 0 ’ ’ ~~ l 10 I 5 t - ‘ - c i  i~~o~~ c , 1 0 i 0 l ,t, ( o r i i ( c i i t l O o ’ ’ -  I tand this p al l  rn wa_s i ’i,nsis t ’ ’nt n -g a r - i lo - -- u, of other pubs i i i  so ’rli -,’ i f  ( 1  Id i i .  Mo o \ 1 , ’’., :i r \  ‘~t,, f’ .0 ’,’- - ( ‘ 0 0the m i x , time o of day , ott ’ - Fl uct i not it ir i s at the low end of the tin oo - , :to -o’ o ‘in ; ’ 0 ~‘Iii 0, 1  n’,~ m u oro - I (~~(( so l oo t o’ ’’, i i o ~ hi’line were diii ’ , its in ot l ’o ’r cast’s , l i i  l- ’XE ( ’—- t~ all oc a t i o n  
l.t’ o - , ’f l h I , I O t o c ’ i t  t o y  iui ~ vi ’og ‘i l i s t  o t  i . ’ ’ o ’ar :aI , i i ’  cm(h a n o o o - t ( ’r l s t i o - , 
8, 3~ ) - I l ~~~~O 0 o~~~~, ~~ I s- ’  a au g! 0110 h o t ’ ‘l : l r i l ’t l ton ,
M\  ( - 0 1 1 0 5 0 ’  0 oooron-to ’i - t is ( Os ,  I I  r o - ~~ , o - - - c — — o f  1:

J ’r , blo ( 1)1 0 (00 ,10 ,o t, - r, ‘I - - -- ‘ ‘ z o  ‘t i  - - i i . !‘~\ l \ - ’s’ ftts . changes irs ( I o J u . o ’ O

IXo . fo ol confident , ‘b ’aso- ul ion our o - a t . c thus  far , that s r i -  can
ini b’eol modify program parametor uo , ( ‘or t he  m odules sot ’ have
produo’o’d , ito such a sv~ v t h ou “ - i ’  can force a predictable
behavior on the programs , in tor u s c~~ both time and patt ern , 

~~~~~~~
This . h o oo ~t ’v ’-r . onl y  t i l l -  us that we can cuintroml tho - pr ~ro1 roi s

— it rii ei ’s scorv hut , not soj flicii ’nt c n n d i t o o , o  if ive ar O r .  . 1 1 0 -

svn th u ’l  u ’ hwn”hmark s .
have o b o ,  t ’n o ’ oo t j i i t i . r e c l  certain ol i ~f i o ’ i o i t i o ’ ’ , wi th  t l ~-

svi it  bet no proigra rn appr omach. N it all tO these ar t’ uuit iu c t o )
t h 4  :o t u ;or t ’Io’ i , l o u t  this oi ff o ’rs  us l i l t  ii ~‘ila o’i’ . The hol low ing
w ero ’ the  must so ’n io o i i ’  o f  these t r o o i o i o - o o .  . :

ft - I 4 - o o o i o ‘., - ro i h o ’t it ’ program s t ’ ’~ oh t o be at vl izo ’d I hi ’s’ (I 100 I

mna~ pci ‘don’t ’ sur pr ising results, F or example , an npt — Figure 12 ~c r t  modoile e d  o r ~ I’ i ‘— t i - -  ~ so ‘1 ( e l  - ‘. S ‘ to i f
mizing ‘ompi h ’.r can have a mot h greater impact i to  ot ((Ufl hIO’t ( - ° ~i’u’~~(- lo  ~~‘,j ,o I

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
.—.- - - — -
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do occur at certain field sizes. Also, moves of literals,
numerics , and character fields are usually all per-
formed in the same way, SO) that incorporating all of a 

- 

~~~~~~~~~~~~~~~~~~ 

r

N

~ii. r”~ 
-

(d) \‘~ set no vidence of a satisfactory way of modeling
a workload. Even a simp le I/O—CPU analysis of a
file maintenance problem depends on a multitud e of
paramet ers : proportio ni of active to passive records,
rhi s t rihution 511(1 locatio,n of active records in the master
fib ’, nu m ber of instructions executed per active/in-
activ e record , record size, frequenci es with which in-
st ruetions are executed , etc. This difficulty is seriously 

____________________ —________

aggravated in a mix of progranos. It is not at all clear 0 o~~0 o’ 1 ‘0 , 00 0 00 00 00 00 0’ ~~~00 O p , .  00 00 0,

th at techni ques fol- matching job parameters to mix a ’,  0 000 0 ,0 0 ,., - 050,.., ,

parameters is feasible. The use of analytical models to Figure 14—Daily utilization prufile(Source: Aruioud Repor o , U niv o ’r i- itv
(‘ha rac t (’riz e a job mix and thereby provide inputs to of North Carolina Computation Center , 1970) 

-

the synthetic program& is clearly unsatisfactory, since
the limiting factor would then become the analytical
techniques themselves. This class of techniques is be lost. As a simple example, the annual workload of a corn-
alro’ady regarded as grossly imprecise, puter center , in terms of productive hours , is given in Figure

13. It suggests that there is plenty of excess capacity . Yet
The use of software monitors for data collection is likewise the workload en a typical mid-week day shown in Figure 14

unacceptable since they create serious instances of the indicates that for this period the system was saturated . We
“Hawt h orne ” effect, io This could possibly be compensated know of no satisfactory techniques which allow us to modo’I
for , but with considerable difficulty. this behavior for the purpose of building benchmarks,

In fact , it is important to note that aU suggestions on
how to model a workload rely on one of the evaluation
techni ques previously surveyed (monitors , simulation, etc.). CONCLUSIONS
Thus , we should not expect the synthetic mix approach to
be an improvement oover these. Can a controllable j ob mix be constructed?

The problem of “representativeness” which exists in
natural benchmarks will simply not disap0.o~ir juet because We believe, on the basis of our experience thus far , that
we use synthetic programs, We have cited the system dc. task-oriented synthetic programs can be combined into a mix
pendency of workload parameters (particularly as they apply . which can be controlled to exhibit desired processing time ,
to I /O time ) and the sheer magnitude of the number of memory, I/O time, and I/O devices utilization character-
combinatians of program parameter values. An equally istics. There have been other efforts that bear this out. iI

crucial problem is the fact that the nature of a workload is We plan additional testing on a variety of s~stcms s o  ii, ’ to
t im ”  dependent. Any attempt to condense a workload into a, learn more about some of the system dependencies we Ilave
say, two-h our benchmark is bound t-o result in substantial encountered,
homogenization , and S O m e  important characteristics could

Can a workload he prof iled?
00 , 500 I air

K I We do not believe that it is possible to arrive at a go-nor-
i , 2S0 4 4. ~ act

ahized , comprehensive, and accurate model of system work-

~ ~~~~~ 19 loads except in the most trivial cases. We can certainly
retrofit. That is, we can accept a workload defir iit ioun based

t , i~o - - - - 1 in on the synthetic program parameters. We also believe that
this need not impede the use of synthetic programs in bunch-

0 , 000 
i~ A S 0 N U P  5 .7 A I 0 I 5 , ~ 

marks. In this, we strongly support the view expressed by
J. C. Strauss, In a recent paper ’2 on the use of natural bench-

USC Mod al is ut t I020 000s m a r ks, he stated that , based in part on prior experience and
.So iy mOA N - Mitch 1570 on the difficulties encountered , “it was felt more important

that the behavior of the benchmarks be well understood and
t’~ C I V I l  • o 0 0 ’ , •  f o r  Jo1~ 156$ - MITCh ~~~~~ cover a broad ran ge of important system feat urea than that

Figure 13 M ’ , mo th lv  utilization pri,file (Source : Annual Report , Uni- the complete benchmark series be representative of the
vendO r uu f North Car olina Computation Center , 1970) general workload.”

-

~ 
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Other loses for  so i ,o lh ,  t o o ’ p r ogr ams A r o b  ‘n il -c ~ o’t of ‘ 0 - 0 , 1 1 0  Co (h o  oh’ ’’ progran is is a uso lu I 0 , !
fur any data prm ’o’asing inst ,all ,o t o ,  on. Our 0’’ ,i oc ’ ’r io SI 005 pr i—

isolated so s t o ’ iei  char act eri stics can be’ exorc ised using s i t — m a n ly  wit -h bemiehmiea r ks o r  s v -o to’ ; io  sc-k ’etioo n , Wo o hav e ’ m di—
I to ‘I 10 ’ programs , W ,‘ havi~ in fact i os ‘d I ho ’ I I)  modules iii eat-ed that  t o ’  r o  i n  a ot to  - on , ‘asoI r e ’io to nt is a related ar -o, of

‘ ‘ o r  reference s o l  ( 0  t o  st Vo~r~ 005 I opo ’ra t ifl~f s\ st i  ‘ [105 dat a 
~!J ! 1 , - : t l  t o  O i l  0 0 0 0 0  - -i i’ll - ~o , thorou gh i° ut t ’~ t mates agou I 1 0

To ianagt ’nwnt (‘54051/il it it’ s . ~ vio t ho ‘tic progran a also so ‘rv o ’ its changing a o,rk - ; , 001 , 0 -X( 0 - ’ ’  ‘ ‘ol o’ o - sp o  ‘its ’ - I u n,’ to a varying
t o  001vi-i lo ,  ‘lot n~o Is I , ,  clot I ’rnii no’ tho ° impa ct of certain pr~~ . stimulus , and a 0 o h oi 0 s 0 , 0  rot o,o -  -n o- n t  s are other reaM, on abl o
gi-am n oin g j r aei l ’ s , as o’ies done in usioog th e . o’ oo loo put e ’ app licationis I -  or so - I  - 1  .

~~ i n , : , -  al I s , The ni o o o l , ’ s I  v ‘ o f
m oa lulo ’  t o o  n bo ’oosom r e h o ’ ii i  ~ r :ool: i t~o on , to n a spe cific system , the effoort ro . opo i - ’ ’ ol 0 , 0  o o r o o o b o ’ - ’ -  so s, t o :~ Mo’ s  o ’ o ’ r t o o i ‘IV o ’ , o i o o i o , ’iod ~
resulting fron o COBOL /1 SI ’! A V moodo ’ coomputat iono - further s tool ’,

A reeo,, eotoo ’nilatwoo 1tE I”l ’~ U ENcE ~
; 

0

Wo ’ fool our te.stin g has substantiated our original a.s- , - - -1. Los - st 1! (_ ,  0 ’ - : - o :, :o ’, , , -  L o _ o l o o . , ° o , - , o  o r o  I M , , r , o l o o r o o , g .  I 11
sumpt o o on s.  A sn oall number of simple , ta sk—ori e nted , syio — (‘ ,o,~~ r ’ ( ~ r ~j  ,~ o , t o o  5,  ‘1 3, ‘0 7 1

th o ’ti c pr oogr anis can he roombin o ’d into a fairly rich and 
~~. nonping, I ) , , ‘ ‘ ‘l’ ,-st l’ r- ,l,to ’i, s ‘ -,-. l F o r  I i , , ’  1 - r o b ,,, ’ s o  cot  ( ‘0 , 1 0 1 —

ver satile job mix. A ro ’Iatively small toumber o f  paramet e.rs is puter o .” B,t , 2 , 4 , i ’ 000 2,

sufficient to ) t ’nabk a single program to ro ‘lb ct tho ’ chara c t or— 3 ( loo ~~i~’r - J. ,\ a io .  I It, I . a,s~ , , , ,  - ‘ oil 0 , 0 ,  b r ,o rs”I / ‘ i ,  opt 0 ‘o of

st h’s o of a broad (‘lass of applie s t loIns. Also o , individual nloKlul es C,,oa o l ~ S I ’ o- r ‘ o r , ’  0 o 0 ’ ~ ’ , ‘ ‘ 1’- , - ‘ - 2  f b i  P ( ‘‘,n~p o -

- ‘ 4. J , , s l i ,o , 1, ‘ 0 .  ‘A 1 . i , : , 0 0 0 0 1 0  2 o ‘ l , o , , r k s :  l’he t’,,-~ to M o o r s ; .  g b , 1
have proven useful in exercising isolated computer s stene C,,nii ,, ter 1-; , I ’ . -ol  o o ’ r - ~ “ I’ ’ - - , !0000o 0 ( 11 V o l  ~~~~~~ -
features, such as 1 0 handling. Finally , i~ one’ accepts a
“modest” workload characterization , aime d more at re— 5, Buchholz , ~\ ‘ a- - o r  t o ” ’  I I ’  ‘‘r t1o-s~ar o i ,g ~V , t , ’o ’ ,  l ’ , - r b ’ , i i o o

fleeting extremities and crucial areas rather than compre— ~~~~~~~~~ 180! ‘y “ so  ,‘ ‘ - ‘~0 , -  0 V’ . . -~ \,~ ¶0 ,
H ‘roe ‘1’ ‘, ,-i ’,I ’’ ~, J O , ~~~~~~ I I ’ S  o r o o i t s i r , , o r  M~ 0 l ~ O ‘‘hensiveness, it IS possible and reasonable to construct a - 

- ‘ 
- ‘ “ 

, - ~
_ -

benchmark from a set of svnthetio modules 7 ~~~~~~~ \% 
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Synthetic programs are neither difficult nor expensive to) N1 ,ffij t ,00 lo ot I -.oo g i t o o ~- ,-\~$ L:oo ~g oooog ~’, ” ,c vooo , o o ’ o . , n ,5 0 0 ,

produce. Our present set , admittedly smnall , was designed , Si,noolo(ioin o f  0 ’ - , ,  - ‘ i . - . c , , , , . - ‘ lt ’~, . i -o ’ .’ lJo7a .
cooded , and debugged in two c’tlendar months. An additional ~ I ta i r l . (1 N , ’’ I h o ’ 1)01) (‘OHOL (‘ o o o , o i o 1 ~ r \ ~,1~~l : o !  0~ , ~, “ 0 5 0 ”

three months were required for experimentation , packaging, !0,0c, b’!(’(’. 1912. 
- -¶ 0 , UP s/I V .4 (~ 1 1(0 ’ ,S”r os o’) ~s ’ro( ng .~ ojs l~’,,~ I’ rogr oo ,,omrr 1,o - f eo -  ‘oo -e , I P- 0and sy stem documentation. These times do not conside r the 4 1 - I l  Si,, ’rr ’ I \ I \  A’ 1.7 /)

~°p~p~ot it mn e , which was alread y available. Total manpower It) , Ferrari , H , , W ,ork Ioael ( ‘Ioo,i , ,o ’t ,- rj ~z eti , , oo 005 1 o ’ e lo - ’ - t ioon  b o O ‘ , - 0 0 0 p o o l ’ - r
used for the effort amounto’d to four man—month s. Total Per foriiiaioee Nl ” ,o ur , ’i, , ,  so - IEEE O ’,,o,, / o ” / o o  JO”0, ‘0,01 J - , l o

cost , including machine time , clerical support , and salaries A oig oos t , 1:0 72
was under $6,000. Furthermore , the system is available t o  i t .  Wood . fl~ vi ,I (‘ sol  i : rr ’,-~ 0 Ft I-~’rnuoio ‘l ’hrooi g l o u o ; t  Mo o—sos -

ment I o n , ,’ 00 —r ob - -i 1 , 2 ,  0’r r o -  0 , 0  Pr o, o 0 : 0  : i( ( 
- Al’ 1 1 0 —anyone upon request. Thus , we feel wo’ have made a small Pr ~~~, ‘s o  ‘I o : o

investment (en a product which has alro ’ady given a sub— 12, $traoisro , J , 1’ , ‘ ‘A / , ‘ o , , ’ O , r n o , r t ,  S t , o o h , ’’ Pro c . 1, 0 0 2  t I  ( ‘ ( ‘ ‘ s I ’ I i ’  -

stanti al payoff , in what ~~~ have learned if nothing else. Praos , V ooF -I I , Por t I I

- —- ~~~~~~~~~~~~ —--  ‘ — -  -— dII~~
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